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Quantitative analysis for the Lower Miocene of Ocean Drilling Program 
Hole 959A from the West African margin was performed to document all 
the calcareous nannofossil biostratigraphic events present. Combined with 
data from previous investigations of the Lower Miocene from the tropical 
Atlantic, this research identifies and tests the viability of markers used in 
current zonation scheme, identifies alternative markers for age boundaries, 
and examine statistically the most probable order of event in the Lower 
Miocene using the Ranking and Scaling method (RASC). 
The examination of Hole 959A was performed on a 112 samples. Seven 
additional sites that collectively span the lower Miocene are used for the 
quantitative biostratigraphic analysis. These sites include DSDP Site 563 in 
the north central Atlantic (Maiorano and Monechi, 1998), Holes 897C, 
898A, and 900A on the Iberian Abyssal Plain (De Kaenel and Villa, 1996), 
Holes 960C and 960A on the Ivory Coast margin (Shafik et al., 1998), and 
DSDP Site 558 in the North central Atlantic (Parker et al., 1984). 
In Hole 959A, all major zones and subzonal boundaries from CN1 to CN4 
were identified, except for the boundary between Subzones CN1a and 
CN1b, using primary and secondary markers from Okada and Bukry (1980) 
zonation. All age boundaries were identified or closely estimated using the 
proper calcareous nannoplankton markers from the Chattian to Langhian 
stages.  
The resultant list of events extracted from Hole 959A along with events 
from other seven sites were biostratigraphically examined in RASC. The 
well threshold is the only control parameter that was changed in order to 
select the appropriate control parameter. A well threshold of 4 was selected 
resulting in 22 events in the optimum sequence with 13 of which had a low 
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 Chapter 1 - Introduction 
Documenting the occurrence of various biogeological events is one of the central 
goals of biostratigraphic studies. In geology, events found in different rock sequences can 
be linked together using the ‘Law of Faunal Succession’ and fossil correlation. 
Documenting events help also in understanding the most probable sequence of events in 
each stratigraphic unit and the evolution of a sedimentary sequence.  In order to achieve 
these goals, a statistical analysis is performed on a set of events in the Lower Miocene, 
based on a detailed quantitative analysis of microfossils. These types of studies are 
fundamental for evaluating the reliability of the classic FO (First Occurrence) or LO 
(Last Occurrence) datums (Fornaciari and Rio, 1996). This study quantitatively 
documents the distribution of all the species encountered in the Lower Miocene section 
of Ocean Drilling Program (ODP) Leg 159, Hole 959A (Figure 1) to investigate the 
reliability of marker species and the biostratigraphic usefulness of secondary species.  
This will improve biostratigraphic resolution and precision in the application of Miocene 
calcareous nannoplankton biostratigraphy. Statistical analysis of different Lower 
Miocene sections using the Ranking and Scaling (RASC) method is adopted to define 
mapable biostratigraphic zones across the Lower Miocene in order to expand the existing 
quantitative database used to interpret the character and reliability of events in different 
geographic regions. 
Although different ODP, IODP, and DSDP sites targeted the Miocene, only a few 
have focused on the Lower Miocene. Most studied sites were either barren of calcareous 
nannofossils or interrupted by hiatuses. For example, in ODP Leg 138 (Raffi and Flores, 
1995), none of the sites penetrated any section below the CN3 Zone. Also, ODP Leg 198, 
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Site 1208 (Bown, 2005) had a short and condensed lower Miocene section with three 
major disconformities. ODP Leg, 159Hole 959A is one of the few sites that has a 
complete lower Miocene section represented by more than 133 meters of Lower Miocene 
sediments.  
It has been generally accepted that the Lower Miocene starts from the boundary 
between Chattian-Aquitanian stages and continues up to the boundary between the 
Burdigalian-Langhian stages, spanning from 23.03 to 15.97 Ma, according to the latest 
geologic timescale (Gradstein et al., 2012).  
Criteria for using calcareous nannofossils to approximate the Oligocene-Miocene 
boundary have changed over time. According to the standard Miocene zonation by 
Martini (1971) (Appendix 1) the boundary was placed within the base of Zone NN1 and 
associated with the last occurrence of Helicosphaera truncata. The Okada and Bukry 
(1980) zonation scheme (1980) (Appendix 2), defined the Paleogene (CP19b)/Neogene 
(CN1) boundary by the last occurrence of Dictyococcytes bisecta. Later, the beginning of 
the Neogene was modified in the geological time scale to 23.03 Ma (Gradstein et al., 
2012), so that the Paleogene/Neogene boundary is placed in the uppermost part of CN1a. 
Different marker taxa have been used to define the upper part of the Oligocene: LO of 
Helicosphaera recta, which extends well into the Miocene (Rio et al., 1990), as well as 
the LO of Sphenolithus ciperoensis, which is noted over a million-years prior to the 
actual Oligocene-Miocene boundary (Raffi et al., 2006).  According to Steininger et al. 
(1997) in their paper of the Aquitanian Global boundary Stratotype Section and Point 
(GSSP), Sphenolithus ciperoensis, Sphenolithus delphix, and Sphenolithus capricorntus 
are the main calcareous nannoplankton species associated with the Chattian-Aquitanian 
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stage boundary: The FO of Sphenolithus ciperoensis occurs within 21 meters below the 
boundary; The FO of Sphenolithus delphix occurs within 12 meters below the boundary; 
The FO and LO of Sphenolithus capricorntus occurs within 1 meter above the boundary; 
And the LO of Sphenolithus delphix occurs  within 4 meters above the boundary. For the 
Aquitanian GSSP, microfossil reworking prevents the use of Last Occurrence datums, 
which have proven useful in other localities such as the LOs of Zygrhablithus bijugatus 
and Reticulofenstra bisecta. Other microfossil groups are used to identify the boundary 
such as: planktonic foraminifera, benthic foraminifera, and dinoflagellate cysts. The 
interpreted data of the correlation of biostratigraphic datums using the 
magnetobiochronologic scale of Berggren et al., (1995) show that the Chattian-
Aquitanian boundary is placed between Chron C6Cn.2r and Chron C6Cn.2n. 
The Aquitanian/Burdigalian stage boundary has not been ratified formally as of yet. 
Many sites have been proposed as the GSSP of the boundary but no site has been agreed 
upon as a stratotype. According to Gradstein et al., (2012) offshore sites have been 
nominated to identify a GSSP for the Burdigalian GSSP boundary including, ODP sites 
1090, 1264/1265 and sites drilled on IODP leg 321 and 322. Only a few holes from this 
list of proposed sites comprise the Lower Miocene section. At site 1090, most markers of 
the Lower Miocene (NN1-NN3) were absent or scarce in abundance (Marino and Flores, 
2002). Proposed boundary markers are absent in Site 1264, however they are present in 
Site 1265 with poor preservation, based on the data provided by the Shipboard Scientific 
Party (2004) for sites 1264 and 1265.  Hole 959A (this study) has a potential to be 
considered for a valid GSSP for the boundary between the Aquitanian/Burdigalian stages. 
The definition of that boundary has four possible options, two of which are calcareous 
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nannofossil species: the FO of Helicosphaera ampliaperta at 20.43 Ma (Fornaciari and 
Rio, 1996), and the FO of Sphenolithus belemnos dated at 19.03 Ma (Haq et al., 1987). 
Other possibilities are the LO of planktonic foraminifer Paragloborotalia kugleri dated at 
21.12 Ma (Berggren et al., 1995) and the top of Chron C6An dated at 20.04 Ma 
(Berggren et al., 1995) In Hole 959A, two of the four possibilities for the base 
Burdigalian boundary are present, which are the FO of Helicosphaera ampliaperta and 
the FO of Sphenolithus belemnos. 
The boundary between the Aquitanian and the Burdigalian stages in the 
Astronomically Tuned Neogene Time Scale 2004 (ATNTS2004) was provisionally 
placed to coincide with the FO of Helicosphaera ampliaperta, which has an 
astronomically tuned age at 20.43 Ma according to the latest geological timescale 
(Gradstein et al., 2012).  
The aim of this present study is to use the detailed analysis done on Hole 959A to 
increase the resolution of Early Miocene calcareous nannoplankton biostratigraphic 
zones. Also, examining the use and presence of primary and secondary species markers 
events of all the boundaries in the Lower Miocene. This includes examining the closest 
markers to be used for the Aquitanian and Burdigalian stages boundary as presented 
above. Finally, compare the results obtained from Hole 959A with other sites, that span 
the early Miocene, in a statistical quantitative analysis using RASC to interpret the 
optimum order of bioevents in the Early Miocene. 
Chapter 2 - Materials and Methods 
A total of 112 samples from the lower Miocene of Hole 959A were analyzed (barren 
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samples were omitted later in the composite analysis sheet) with 30-100 cm spacing in 
distance and an average of 105 ka spacing in time between samples. Biostratigraphic data 
were collected from prepared slides by light microscope examination. Smear slides were 
prepared using a 'double suspension' method. This method involves removing a small 
amount of sediment from a fresh, large surface and then suspending it in water on a cover 
slip. The sediment is then smeared on the slide. Once dried, then sediment is re-
suspended in water to form slurry and smeared again to ensure proper spreading of the 
calcareous nannofossils assemblages on the slide and also prevent any improper size or 
shape fractionation of the fecal pellets on the slide. Watkins and Bergen (2003) 
confirmed statistically that this method show no distributional bias due to nannofossil 
size or shape (confidence interval > 99.99%). Counts of calcareous nannofossil 
assemblages were made using an Olympus BX-51 microscope at 1000X magnification 
and species images were taken using an Olympus DP71 camera. The cascading counting 
technique developed by Styzen (1997) was used to collect assemblage data for all sample 
sets for a total of 30 fields-of-view (FOV) and then continuing for the remainder of the 
traverse, and two additional traverses were made to locate especially rare species. The 
PAST (PAleontological STatistics) v. 3.04 (Hammer et al., 2001) and OriginPro v. 7.5 
software packages were used for statistical analysis and graphic representation.  
The abundance of nannofossils as a sedimentary component and the preservation of 
the nannofossil assemblages are designated following the method in Watkins et al. 
(1998). The abundance of nannofossils as a component of the sediment is defined as 
follows: A = >50% of sediment by volume; C = 15%-50% of sediment by volume; F = 
1%-15% of sediment by volume; and R = <1% of sediment by volume. An average state 
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of preservation was assigned to each sample according to the following criteria: G = 
good, most specimens exhibit little or no secondary alteration; M = moderate, specimens 
exhibit the effects of secondary alteration from etching and/or overgrowth (identification 
of species not impaired); P = poor, specimens exhibit profound effects of secondary 
alteration from etching and/or overgrowth (identification of species impaired but possible 
in some cases).  
The Okada and Bukry (1980) zonation scheme is used as the standard zonation 
scheme for this study. It was formulated from low latitude sites and thus should work 
well for this study. The zonation of Martini (1971) was not used in this study but its 
applicability is commented on below.  
Hole 959A was studied previously by Shafik et al., (1998) as part of a preliminary 
analysis of six holes from ODP Leg 159 (Holes 959A, 959B, 960A, 960C, 961A, and 
962B). All of these holes targeted the Neogene (Miocene, Pliocene, Pleistocene) with 
Hole 959A being the thickest Lower Miocene section which was apparently 
uninterrupted by hiatuses. The study done by Shafik et al., (1998) correlated the biozones 
and hiatuses with the sea level curve by Haq et al. (1987).  
For the interval of Hole 959A examined here, there are neither magnetostratigraphic 
data nor any other type of temporal control, such as: foraminiferal biostratigraphic 
analysis. Magnetic data acquisition was performed for Hole 959A, but signals were weak 
and therefore no magnetostratigraphic data is valid for this hole. (Allerton, 1998). 
Data from seven additional holes that collectively span the lower Miocene were 
chosen for quantitative biostratigraphic analysis (Figure 1). These sites include, DSDP 
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Site 563 in the north central Atlantic Ocean (Maiorano and Monechi, 1998), Holes 897 C, 
898 A, and 900 A on the Iberian Abyssal Plain (De Kaenel and Villa, 1996), Holes 960C 
and 960A on the Ivory coast margin (Shafik et al., 1998), and DSDP Site 558 in the 
North central Atlantic Ocean (Parker et al., 1985). Only DSDP Site 563 (Maiorano and 
Monechi, 1998) has a quantitative data, the remaining sites present qualitative analysis 
data. Sites/Holes were selected based on quality of biostratigraphic data, and availability. 
Sites analyzed prior to the 1980’s were omitted to allow for more up-to-date analyses.  It 
was important to incorporate record from as many sites as possible that spanned the most 
complete Lower Miocene, in order to observe all the possible bioevents. 
Chapter 3 - Ranking and Scaling Method 
Gradstein and Agterberg (1982) introduced the original concept of the Ranking and 
Scaling method (RASC) in a Cenozoic foraminiferal study in offshore wells along the 
northwestern Atlantic margin (Bowman, 2011). Further modifications, detailed work, and 
application were later introduced (Agterberg and Gradstein, 1997a, 1997b, 1999; 
Agterberg et al., 1998; and Gradstein and Agterberg, 1998). The RASC is a statistical, 
probabilistic technique used to compute the optimum sequence of events. The optimum 
sequence is evaluated statistically based on the cross-over frequencies of bioevents. 
Cross-over is when a bioevent occurs in reverse order in another well. For example, if 
event A occurs above event B in one site and Event B occurs above event A in a different 
site, then this is considered as a cross-over of events. The optimum sequence should 
include the ranking of events with the minimum number of cross-over. The analysis 
produces a list of events with a calculated standard deviation. Events with lower standard 
deviation than the average standard deviation of the optimum sequence are considered to 
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be more reliable events than those with higher standard deviations.  
The RASC technique consists of two steps that help in producing the most probable 
sequence of events. The first step is ranking; that is to rank all the bioevents in order of 
their occurrence compared to each other. The second step is scaling; which involves a 
statistical determination of the relative spacing of bioevents. The ranking step compares 
the occurrences of an event relative to the other events. For example: If an event occurs 4 
out of 5 times below another event, then it is considered to be the stratigraphically lower 
event. And if both events co-occur with an equal number then their stratigraphic order is 
indeterminate, but assumed to be closely related temporally. The full sequence is created 
when all events are ranked in relation to each other. The scaling step determines the 
relative distance stratigraphically between the ranked events. The relative distance is 
affected by the ranking of the events and the number of wells in which the two bioevents 
co-occur (Gradstein et al., 1990). If an event occur frequently above another event (lower 
number of cross-overs) then the distance between the two events is great. Conversely, if 
both events co-occur with a similar number of cross-overs, then the separation distance is 
relatively small, because we cannot determine which event is stratigraphically higher than 
the other. The cross-over between events could be in situ or in other cases could be an 
error due to reworking, caving, digenesis, misidentification and/or basic sampling errors 
(Agterberg and Gradstein, 1999). 
Chapter 4 – Results  
4.1- Hole 959A analysis 
The Lower Miocene calcareous nannofossil assemblages recovered in Hole 959A are 
presented in detail on the distribution chart (Appendix 3). Important species are 
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illustrated in Plates 1 through 5. A total of 58 formal species were identified in the lower 
Miocene section including multiple Discoaster, Helicosphaera, and Sphenolithus species. 
Species of the genus Reticulofenstra and Dictyococcytes were placed into size categories 
as proposed by Young (1997). Nannofossils are mostly abundant throughout the 
assemblages, except for few samples in the lowermost section in which the abundance is 
moderately to low. Nannofossils are moderately to well-preserved throughout the lower 
Miocene sequence. Barren intervals were encountered near the Oligocene-Miocene 
boundary. Most of the cores (cores 35 to 30) were interrupted by barren sections or poor 
to moderate preservation, and moderate to low counts of species compared to the upper 
cores. As stated above, the Okada and Bukry (1980) zonation scheme, which was 
prepared on a set of low latitude sites, is used to interpret the biozones of Hole 959A, 
which is located on the “transform belt”, about 3° north of the Equator (Figure 1).  
The Okada and Bukry (1980) zonation defined the CP19b/CN1 boundary based on 
the last occurrence of Dicctyoccocytes bisectus and/or Sphenolithus ciperoensis, but 
neither of these species was encountered in this study. Given that, an alternative marker 
was used for the boundary between Oligocene-Miocene at the LO of Sphenolithus 
delphix based on the astrobichronology data by Raffi et al., (2006) and Steininger et al. 
(1997) in the Aquitanian GSSP.  
The subzonal CN1a/b boundary could not be differentiated reliably due to the 
absence of Cyclicargolithus abisectus; the end of the acme of Cyclicargolithus abisectus 
is the criterion for identifying the base of Subzone CN1b. The Subzone CN1b/c boundary 
was identified by the first occurrence of Orthorhabdus serratus in sample 29-6, 60-61, 
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which is the secondary/alternative marker used for this subzone following Bukry (1973) 
and Olafsson (1989). The primary marker for Subzone CN1 as defined by Okada and 
Bukry (1980) is the FO of Discoaster druggii; however its rare occurrence in the section 
rendered it unreliable. The base of Zone CN2 was picked based on the first occurrence of 
Sphenolithus belemnos in sample 28-5, 100-101. Zone CN3 is identified by the first 
occurrence of Sphenolithus heteromorphus at the core break in sample 26CC. Finally, the 
CN3/CN4 Zonal boundary is identified based on the last occurrence of Helicosphaera 
ampliaperta, which last occurred in sample 21-1, 48-49. Appendix 4 provide a summary 
for age and boundary markers for the Lower Miocene section in Hole 959A.  
A summary of bioevents from Hole 959A are listed in Table 1. The events were 
extracted from the distribution chart of the well and they included multiple types of 
datums; First Occurrence datums (FO), Last Occurrence datum (LO), First Common 
Occurrence datum (FCO), Last Common Occurrence datum (LCO), Beginning of an 
Acme (F-Acme), and End of an Acme (L-Acme). 
4.2 – Ranking and Scaling Analysis  
There are 4 control parameters for RASC in PAST; Well threshold, Pair threshold, 
Scaling threshold, and Tolerance. Only the well threshold parameter was examined in this 
study due to the intention of producing a more global sequence that works on multiple 
wells in not necessarily examine the pairing relationship between events. In order to 
determine the best control parameters for our study, we tried multiple RASC runs with 
different “well threshold” values. This value indicates the minimum number of wells in 
which a certain bioevent must occur to be included in the analysis (‘k’ value). There is an 
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inverse relationship between the ‘k value’ and the number of events used in the analysis. 
The higher the ‘k’ value, the lower the number of events because the cutoff requirement 
is higher and may not occur in all sites. For example, if the ‘k’ value was “5”, then the 
event has to occur in 5 wells to be considered in the ranked sequence. As the value of ‘k’ 
increases fewer events are produced, because of the higher possibility that such events 
may not occur in more than 5 wells. In general, there are no exact criteria for determining 
the optimal value of ‘k’, but rather it depends more on the balance between the higher 
numbers of events produced with the number of events with lowest cross over. In our 
RASC analyses we used different runs with different ‘k’ values (from 1 to 8; Table 2). 
We subjectively selected the ‘k’ value based on percentage of the highly probable events 
compared to the overall number of events (Figure 2). The well threshold selected for this 
study is ‘k’= 4.  
Chapter 5 – Discussion 
5.1 Hole 959A 
No calcareous nannoplankton events define the Oligocene/Miocene boundary 
exactly, however, two species events occur very close to the boundary. The first event 
used to approximate the Oligocene/Miocene boundary is the LO of Sphenolithus delphix, 
which goes extinct according to Raffi et al., (2006) around 23.06 Ma and according to the 
latest geological time scale around 23.11 Ma. The astronomically tuned age for the last 
occurrence of Sphenolithus delphix is a little over 30 ka younger than the boundary, 
which apparently is the closest event to the boundary. The second event is the FO of 
Sphenolithus capricorntus, which is defined at an astronomically tuned age in the latest 
geological time scale at 22.97 Ma and at the base of C6Cn.2n.5 chron, which is older than 
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the Oligocene/Miocene boundary by also a little over 30 ka. In Hole 959A, another event 
was used in the process of defining the Oligocene/Miocene boundary. The base of 
Sphenolithus disbelemnos, which is dated around 22.76 Ma based on Raffi (2006), is 
around 300 ka younger than the boundary. Sphenolithus capricorntus was not 
encountered in Hole 959A but the last occurrence of Sphenolithus delphix was 
encountered at 322.47 mbsf. The first occurrence of Sphenolithus disbelemnos occurs at 
322.20 mbsf and so the boundary between the Oligocene/Miocene must occur in the 27 
cm gap in between the two samples. Unfortunately, the material acquired from that gap is 
barren of calcareous nannoplankton. As a result, the Miocene/Oligocene boundary is 
defined in the barren interval between the LO of S. delphix and the FO of S. disbelemnos. 
The subzonal boundary CN1a/b is defined at the end of the acme of Cyclicargolithus 
abisectus (Okada and Bukry, 1980). Cyclicargolithus abisectus is very similar to the 
species Cyclicargolithus floridanus and they can be distinguished only by size. Olafsson 
(1989) noted, “It is virtually impossible to distinguish C. floridanus from 
Cyclicargolithus abisectus by the original descriptions of the two species. They both 
show the same optical behavior and their sizes overlap considerably”. Although the size 
differentiation method between C. abisectus and C. floridanus is arbitrary, it is of a 
biostratigraphical importance and so in this study we used a cut-off size of >10 µm to 
differentiate the two species, following Fornaciari et al. (1990). No Cyclicargolithus 
species larger than 10 µm were encountered in the section and therefore Cyclicargolithus 
abisectus does not occur in Hole 959A. The end of the acme of Cyclicargolithus 
abisectus only defines Zone CN1a/b according to Okada and Bukry (1980) and in this 
study, the zonal boundary was not identified. 
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The first occurrence of primary marker Discoaster druggii and/or FO of the 
secondary marker Orthorhabdus serratus define the base of Subzone CN1c according to 
Bukry (1973) and Olafsson (1989). Discoaster druggii is not common in Hole 959A and 
only occurs in 3 samples in low abundance. Discoaster druggii has been separated in this 
section into two species: Discoaster druggii and Discoaster sp. cf D. druggii. The 
division of this species is based on size alone. Discoaster druggii (sensu stricto) is 
defined with a size greater than 15 µm and tapered arms that terminate in small 
bifurcations (following Rio et al., 1990). A morphologically similar form (Discoaster sp. 
cf. D. druggii) occurs in other samples, but differs by its smaller size (substantially <15 
µm). The low abundance/occurrence of Discoaster druggii makes it an unreliable marker 
for this zone. Therefore, the FO of Orthorhabdus serratus was used in Hole 959A as the 
key marker for the base of Subzone CN1c.  
The boundary between the Aquitanian and the Burdigalian stages, (ca. 20.44Ma, 
according to the latest update by the International Commission on Stratigraphy (ICS) and 
Gradstein et al., 2012) has not been ratified as of yet. Two possible nannofossil events 
suggested by Gradstein et al. (2012) as markers for the boundary are the FO of 
Sphenolithus belemnos and the FO of Helicosphaera ampliaperta. Sphenolithus belemnos 
is used as zonal marker for Zone CN2 according to Okada and Bukry (1980) and its 
astronomically tuned age, according to the latest time scale (2012), is dated around 19.03 
Ma, which is about 1 Ma older than the assigned ATNTS2012 age for the 
Aquitanian/Burdigalian boundary. In Hole 959A, Helicosphaera ampliaperta occurs in 
sample 28CC prior to the FO of Sphenolithus belemnos in sample 28-2,10-11. Both 
events are 7.48 m apart from each other. The boundary between Aquitanian and the 
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Burdigalian stages in Hole 959A can be defined by the FO of H. ampliaperta, which is 
dated at 20.43 Ma according to the latest ATNTS2012 (Gradstein et al., 2012). The ICS 
is currently nominating the Burdigalian Stage to be near the FAD of the planktonic 
foraminifer Globigerinoides altiaperturus or near the top of magnetic polarity 
chronozone C6An. 
Zone CN3 is defined by both the first occurrence of S. heteromorphus and the LO of 
T. carinatus. The FO of S. heteromorphus occurs in sample 26CC and the last occurrence 
of T. carinatus occurs in sample 26-2, 120-121. In Hole 959A, in the interval from 
sample 26CC to 25-6, 5-6, S. heteromorphus occurs and then afterward the continuous 
abundance increase, which is used here to define boundary between the CN2 and CN3 
Zones. The LO of T. carinatus is used as a secondary marker for the base of CN3 Zone. It 
occurs very closely prior (~ 4.85 m) to the FCO of S. heteromorphus in Hole 959A. 
Lastly, Zone CN4, which is defined by the last occurrence of Helicosphaera 
ampliaperta and/or end of the Discoaster deflandrei acme. In this study, the last 
occurrence of Helicosphaera ampliaperta is used to define the CN3/CN4 boundary 
because it marks a sharp boundary in the section. The end of the Discoaster deflandrei 
acme occurs lower, in sample 22-3, 48-49, than the last occurrence of H. ampliaperta, 
and is more difficult to pinpoint because of its gradual nature. The LO of H. ampliaperta 
is dated at 14.91 Ma, ATNTS2012, near the middle of Chron C5Br (Gradstein et al., 
2012).  
The boundary between the Burdigalian and the Langhian stages is commonly used to 
divide the lower and middle Miocene. The base of the Langhian is assigned an 
astronomically calibrated age of 15.97 Ma (Gradstein et al., 2012). Two criteria are used 
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to define the base of the Langhian: the FO of Praeorbulina glomerosa and the top of 
C5Cn chron (Gradstein et al., 2012).  Further magnetostratigraphic and calcareous 
plankton studies have recommended the provisional placement of the Langhian GSSP to 
coincide with the top of C5Cn.1n, dated astronomically at 15.974 Ma in ATNTS2004 
(Gradstein et al., 2012). The calcareous nannoplankton bioevent that approximates the 
magnetic reversal is the LCO of H. ampliaperta, which is considered as a reliable event 
in the Mediterranean region  (Turco et al., 2011a). Another event that could be used as an 
approximation to the boundary is the first occurrence of Discoaster signus, which 
postdates the boundary by approximately 27 ka (has an astronomically calibrated age of 
15.70 Ma (Gradstein et al., 2012)). In this study, Discoaster signus was not encountered 
in the analysis and H ampliaperta was continuous until its extinction with a varying 
abundance, which make it difficult to pick the LCO of H. ampliaperta. In this study the 
boundary between the Burdigalian and the Langhian was picked closer to the LCO of 
Discoaster deflandrei, which has an assigned C5Br chron and an assigned age of 15.80 
Ma, ~ 17 ka younger than the boundary (Gradstein et al., 2012).  
5.2 Age/Depth model 
The Age/Depth model for Hole 959A (Figure 3) shows a linear relationship. The 
events used to plot the age/depth model are events with defined ages found in the latest 
geological time scale (Gradstein et al., 2012) and in Raffi et al. (2006), data found in 
Table 3a. Only one data point occurs on the offset of the line in the middle section, the 
Discoaster druggii value, which appears to be a bad value and could be attributed to the 
sporadic and rare nature of D. druggii. The calculated sediment accumulation rate from 
Figure 3 is 16.3 m/Ma, which is considered as a moderately high sediment accumulation 
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rate. Ages for other events have been interpolated using the equation of the linear line 
(best fit line) and then by solving for the age. Table 3b show the interpolated age ranges 
for the different events from Hole 959A, and similarly Table 4 show the ages 
extrapolated from the other wells used in this study based on each well’s age/depth 
model. After plotting the age/depth value for each well and plotting the best fit line, the 
equation for the best-fit line was used to interpolate the age values for that well.  
The age values of wells in Table 4 fall within a varied age range. For instance, the 
last occurrence of Sphenolithus dissimilis occur in Hole 897C at 22.615 Ma (the oldest 
age value) and the youngest age value occurs in Hole 960A around 16.787 Ma (the age 
values were extrapolated from the age/depth model of the data by De Kaenel et al., 1998 
and Shafik et al., 1998, respectively). All other extrapolated values for LO of S. dissimils 
occurred in between these two values with an average of 18.890 Ma. In this study is 
assumed a constant sediment accumulation rate, which might not be the case in all the 
holes and therefore can explain the different age values. Other explanation could be due 
to misidentification of species, caving, reworking, or patchiness of occurrence. The 
resolution in the previous example is within 1 Ma. Other examples show a larger gap in 
extrapolated ages between different wells. Events with the most closely extrapolated 
ages, compared to those with wide age-extrapolated age ranges, can be used as a 
reasonable preliminary estimate of secondary events. 
Plots of the abundance (species count) and richness (number of different species per 
sample) with depth for Hole 959A show certain characteristics for each zone. In Figures 
4 and 5 Zone CN1 has fluctuating counts of species and also a fluctuating richness 
curves, generally in the lower side values of both. Zone CN2 show an increasing trend of 
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both count and richness. Zone CN3 and CN4 also show a decreasing trend of count and 
richness compared to that in CN2 Zone. Those curves could be interpreted and studied 
further to illustrate any environmental factors affecting the calcareous nannofossil 
abundances and richness.  
5.3 The RASC Analysis 
The correlation scheme based on the RASC generated optimum sequence increased 
biostratigraphic resolution, eliminated less reliable bioevents, and added key non-
traditional bioevents. During RASC analysis, a comparison table of the number of events 
produced in relation to the well threshold value was used to determine which value of ‘k’ 
would be used (Table 2). A value of 4 was used as the threshold parameter for the 
minimum number of wells that a bioevent must occur in to be included in the optimum 
sequence. The RASC run with k=4 produced 22 total bioevents in the optimum sequence, 
11 of which had standard deviations below the average. For comparison, the RASC run 
with k=5 produced 18 total bioevents in the optimum sequence, with 9 bioevents 
possessing standard deviations lower than the average. ‘k’ value of 4 produced the 
preferred optimum sequence because it contained the most bioevents while maintaining a 
reliable number of events with low cross over. Therefore k=4 results are the most useful 
optimum sequence in this study.  
The average standard deviation produced by the final RASC run (k=4) was 0.143. 
Table 5 and Figure 6 show an illustration of the final optimum sequence, indicating the 
list of bioevents with their standard deviations and the number of wells in which each 
occurred.  
5.2a – Events with Low standard deviation 
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By applying the RASC method, the optimum sequence produced 13 correlated 
events in wells with low cross-over frequencies and another 9 events with high standard 
deviation (High cross-over frequencies). A detailed description for the events with the 
low standard deviation is listed below: 
LO Sphenolithus delphix: 
As described above, this event is used to approximate the base of Lower Miocene. 
Agnini et al., (2014) stated that the LO of Sphenolithus delphix provides a distinct 
biohorizon occurring 30 kyr prior to the Oligocene/Miocene boundary. Rio et al. (1990) 
indicated that S. delphix often found associated with S. capricorntus.  It is present only in 
4 out of 8 wells, which is reasonable considering the difficulty associated with picking 
that event, especially when the preservation is poor and species are broken and/or 
overgrown. Most of the Oligocene-Miocene boundary sections used in this study either 
had low count or poorly preserved species, which could be attributed to the 
misidentification of this event. 
FO Orthorhabdus serratus  
As stated above, this event has been used as a secondary marker for the base of 
Subzonal boundary CN1c. Several sites have reported this event as rare and sporadic, 
such as DSDP Site 563 (Maiorano and Monechi, 1998). In Hole 959A, this event was 
easily identified and continuous from its first occurrence until the middle of Zone CN2 
when it starts to have an intermittent occurrence with low counts. This event occurs in 7 
out of 8 holes. 	
FO Sphenolithus belemnos 
This event is usually associated with FO of H. ampliaperta. Both events are linked 
		 19 
and currently used to approximate the Aquiatanian/Burdigalian boundary. FO of 
Sphenolithus belemnos has an astronomically tuned age that is slightly younger than that 
of FO of H. ampliaperta by 1.4 Ma (Gradstein et al., 2012).  The FOs of H. ampliaperta 
and S. belemnos are observed at the same level in Holes 898A and 900A (De Kaenel and 
Villa, 1996). In Hole 959A, S. belemnos postdated that of H. ampliaperta by 7.91 mbsf. 
This event occurs in 7 out of 8 holes.  
LO Triquetrorhabdulus carinatus 
This event is used in Martini (1971) zonation scheme to define the NN2-NN3 
boundary, but according to Maiorano and Monechi (1998), it is generally unreliable 
marker event. However, many workers use the decrease in abundance of T. carinatus at 
the base of CN1c as a more reliable event (Rio et al., 1990a; Fornaciari et al., 1993; and 
Maiorano and Monechi 1998). De Kaenel and Villa (1996) documented the LO of T. 
carinatus just below the LO of S. belemnos at Sites 898 and 900. In Hole 959A, the LO of 
T. carinatus occur at the uppermost CN2 Zone; the LO of S. belemnos event predate the 
LO of T. carinatus. In Hole 959A, the decrease in abundance of T. carinatus occur in the 
middle of CN1a/b Subzone and almost the entire CN1c Subzone. In CN2 Zone, T. 
carinatus is sporadic in count but almost continuous until its last occurrence in sample 
26-2, 120-121. This event occurs in all the holes used in the RASC study. 
FO Sphenolithus heteromorphus  
This event defines the base of Zone CN3. It has been observed in many sites that 
there is an overlap between Sphenolithus heteromorphus and S. belemnos such as Bukry 
(1972) at Site 140 in the Atlantic Ocean, Pujos (1985) in the equatorial Pacific, Maiorano 
and Monechi (2005) in Site 563, De Kaenel and Villa (1996) in sites 899-900 and 
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Takayama and Sato (1987) in the North Atlantic. Other workers did not recognize this 
overlap such as the analysis done by Olafsson (1989), in the equatorial Atlantic Ocean, 
Fornaciari et al. (1990) in the Indian Ocean, and Gartner (1992) in the North Atlantic 
Ocean. In Hole 959A, the overlap was encountered between S. heteromorphus and S. 
belemnos. This event seems to be one of the clearest events of the Lower Miocene, it 
occurs in all the holes used in the RASC study. 
LO Sphenolithus dissimilis 
This event occurs in the upper CN1c Subzone. It is usually associated with FO of H. 
ampliaperta. According to Marunteanu (1999), the Discoaster druggii-NN2 Zone can be 
subdivided into the Sphenolithus dissmilis (NN2a) and Helicosphaera kamptneri (NN2b) 
Subzone, on the basis of the first occurrence of Helicosphaera ampliaperta, which 
corresponds to the disappearance of Sphenolithus dissimilis. In Hole 959A, LO of S. 
dissimilis overlaps in a short range with the FO of H. ampliaperta. This event occurs in 7 
out of 8 wells. 
LO Sphenolithus belemnos 
S. belemnos has a total range within Zone CN2. Its LO is associated with the lowest 
occurrence of S. heteromorphous. According to De Kaenel and Villa (1996), both events 
occurred close to each other but always separated by a short interval, as is the case at 
ODP Site 900. On the other hand, at DSDP Site 563 the LO of S. belemnos co-occurs 
with the lowest occurrence of S. heteromorphous. In Hole 959A, it is similar to Site 563 
where both bioevents co-occur within a short range. This event occurs in 7 out of 8 holes. 
FO Discoaster petaliformis 
De Kaenel and Villa (1996) have associated the FO of D. petaliformis with FO of D. 
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exilis such as in Sites 898 and 899. In Hole 959A, D. petaliformis occurs in the middle-
upper part of Zone CN3, while D. exilis occurred in the lowermost section of Zone CN3. 
Thus, the association between this event and FO D. exilis was not demonstrated in this 
section. This event has occurred in 4 out of 8 wells. 
LO Helicosphaera euphratis 
In Hole 959A, this event occur in the uppermost section of the CN3 Zone. De 
Kaenel and Villa (1996) separated H. euphratis based on size and stated that the LO of 
the larger form of H. euphratis (> 8 µm) is a useful biohorizon in the upper Zone NN2. 
This event occurs in 6 out of 8 wells. 
FO Discoaster exilis  
As stated above, this event has been associated with the FO of D. petaliformis which 
was not demonstrated in Hole 959A. This event occurs in 6 out of 8 holes. 
LCO Discoaster deflandrei 
Bukry (1973) suggested the D. deflandrei acme end and the LO of H. ampliaperta 
for defining CN3/CN4 boundary. Many biostratigraphy workers have associated a drop in 
abundance of D. deflandrei at the FO of D. signus such as Rio et al. (1990) in the Indian 
Ocean, Raffi and Flores (1995) in the eastern equatorial Pacific Ocean, and Miorano and 
Monechi (2005) in Site 563. In Hole 959A, the end of the D. deflandrei acme occurs at 
the upper part of CN3 Zone just before the LO of H. ampliaperta. This event was not 
associated with any presence of D. signus. This event occurs in 5 out of 8 wells. In other 
sections this event is used as an alternative for CN3/CN4 boundary when LO H. 
ampliaperta is not present (Maiorano and Monechi, 1998). 
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LO Triquetrorhabdulus milowii  
This event is usually co-occur together with the LO of H. ampliaperta. This has 
occurred in the four sites from Leg 149 (De kaenel and Villa, 1996). In Hole 959A, both 
event occur very close to each other where the LO of T. milowii occur in the uppermost 
part of Zone CN3 in sample 21-3, 48-49, while the LO of H. ampliaperta occur in sample 
21-1, 48-49. Overall, this event occurs in 7 out of 8 holes. 
FCO Discoaster variabilis 
In Hole 959A, the FCO of D. variabilis occurs in the lower section of Zone CN3; it 
precedes the LO of T. milowii by 37.05 mbsf. Prior studies did not report it as a reliable 
event. This event occurs in 4 out of 8 holes. 
5.2b – Events with High standard deviation 
The RASC analysis yielded 9 events with higher standard deviation than the average of 
0.1389. The events are: FO of Discoaster sp. cf. druggii, FO of Discoaster druggii, LO of 
Helicosphaera recta, LO of Sphenolithus conicus, FO of Helicosphaera ampliaperta, FO 
of Calcidiscus premacintyrei, Acme end of Coronocyclus nitescens, FO of Discoaster 
variabilis, and LO of Helicosphaera ampliaperta. 
 Four of the consecutive events in the lowest Miocene section have high standard 
deviations (Figure 6); from the FO of Discoaster sp. cf. D. druggii until the LO of 
Sphenolithus conicus. Two of these events are considered as major events (primary or 
secondary markers) that are used in the Lower Miocene to pick subzonal boundaries in 
Zone CN1; Discoaster druggii is the primary marker for Subzone CN1C, and the LO of 
Helicosphaera recta, which was considered as a marker event for the upper Oligocene 
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(Rio et al., 1990). The high standard deviation value for these events could be attributed 
to the sporadic occurrence of Discoaster druggii. 
Events associated with the species Helicosphaera ampliaperta are considered as major 
events used in the Okada and Bukry’s (1980) zonation. The FO is used as a secondary 
marker for Zone CN2 and also, as stated above, a potential for the Burdigalian GSSP, 
while the LO is used as the primary marker for the base of Zone CN4. The FO of 
Helicosphaera ampliaperta occurs in 7 out of 8 holes, while the LO of Helicosphaera 
ampliaperta occurs in 6 out of 8 holes. Although both events occur in most of the holes 
used in this study, they seem to have a high cross-over frequency and therefore a high 
standard deviation.  
Although it did not appear as a result in the RASC analysis, Sphenolithus disbelemnos 
proved useful in its biostratigraphical range, which is different than that of Sphenolithus 
belemnos. Most of the sites used in this study did not identify this species in its range 
chart. It may have been included in the analysis combined with the species Sphenolithus 
belemnos or Sphenolithus exilis. The Sphenolithus disbelemnos is named by Fornaciari & 
Rio (1996) and so this species should be missing from the analysis for any site done prior 
to 1996 or within a closer range. Sphenolithus disbelemnos has only been found in Hole 
959A (this study), and in Maiorano and Monechi (1998) DSDP Site 563. Proper 
reanalysis of the data from the sites used in this study may indeed affect the RASC 
analysis, and might in turn suggest the S. disbelemnos as a valid correlational event. 
Chapter 6 - Conclusions 
Detailed quantitative analysis is established for the Lower Miocene of ODP Leg 159, 
Hole 959A. Multiple events are documented and compared with data from eight other 
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sites. The other sites were selected based on their completness of data, availability, ease 
of access, and the newest available data for lower Miocene. Based on the analyzed 
section, the boundary between the Oligocene and the Miocene is approximated based on 
the LO of calcareous nannofossil S. delphix, which is the closest identified datum to the 
base of Aquitanian stage in Hole 959A. The CN1a/b boundary marker was not picked 
due to the absence of C. abisectus. On the other hand, CN1c Subzone was picked based 
on the FO of O. serratus due to the unreliability of the primary marker of the zone D. 
druggii.  The FO of S. belemnos was used to pick Zone CN2, while the FCO of S. 
heterormorphus was used to pick Zone CN3. Finally, base of Zone CN4 was picked 
based on the last occurrence of H. ampliaperta. The boundary between the Aquitanian 
and the Burdigalian is picked based on the FO of H. ampliaperta, which occurs prior to 
the FO of S. belemnos in Zone CN2. Interpolation of ages of events assuming linear 
sediment accumulation provides a reasonable preliminary age estimate of secondary 
events. The quantitative analysis was run using RASC in order to find the optimum 
sequence in which the data have a minimum cross-over of events. The generated 
optimum sequence, which consists of 22 events, 13 of which had a minimum standard 
deviation, matches the sequence of events in Hole 959A.  
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            Depth interval Average 
FO Calcidiscus premacintyrei 245.10 245.46 245.28 
F-Acme Coronocyclus nitescens 254.90 256.33 255.62 
L-Acme Coronocyclus nitescens 235.15 235.50 235.33 
L-Acme Cyclicargolithus floridanus 192.50 195.42 193.96 
LO Discoaster adamanteus 241.10 241.76 241.43 
LO Discoaster deflandrei 187.48 188.71 188.10 
LCO Discoaster deflandrei 192.50 195.42 193.96 
FO Discoaster druggii 244.64 245.10 244.87 
FO Discoaster sp. cf D. druggii 268.94 271.35 270.15 
FCO Discoaster sp. cf D. druggii 245.46 246.90 246.18 
FO Discoaster exilis 233.30 235.13 234.22 
FCO Discoaster exilis 227.34 228.83 228.09 
FO Discoaster musicus 187.48 188.71 188.10 
FO Discoaster variabilis 235.13 235.50 235.32 
FCO Discoaster variabilis 227.34 228.83 228.09 
FCO Discoaster petaliformis 207.60 207.97 207.79 
FO Helicosphaera ampliaperta 264.40 265.51 264.96 
LO Helicosphaera ampliaperta 189.10 189.57 189.34 
LO Helicosphaera euphratis 189.10 189.57 189.34 
FCO Helicosphaera mediterranea 216.97 219.75 218.36 
FO Orthorhabdus serratus 274.00 275.24 274.62 
FCO Orthorhabdus serratus 272.22 273.48 272.85 
FO Sphenolithus belemnos 256.33 257.76 257.05 
LO Sphenolithus belemnos 239.59 241.10 240.35 
FO Sphenolithus heteromorphus 245.10 245.46 245.28 
FCO Sphenolithus heteromorphus 233.30 235.13 234.22 
LO Sphenolithus dissimilis 261.51 263.00 262.26 
FO Sphenolithus disbelmnos 322.20 322.47 322.34 
LO Sphenolithus disbelemnos 225.80 225.85 225.83 
LO Sphenolithus delphix 322.20 322.47 322.34 
LO Triquetrorhabdulus carinatus 236.68 238.15 237.42 
LO Triquetrorhabdulus milowii 189.57 192.50 191.04 
F-Acme Umbilicophaera sp.#2 254.90 256.33 255.62 
Table.1: Summary of events in Hole 959A. FO= First Occurrence datum, LO= Last Occurrence 
datum, FCO= First Common datum, LCO= Last Common datum, F-Acme= Beginning of an Acme, 
and L-Acme= End of an Acme.  	 	
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Well threshold value Total number of events Number of good events 
 (Lower S.d) 
Percentage of Good values  
compared to the overall number 
of events 
1 34 19 55.88 
2 31 17 54.84 
3 26 12 46.15 
4 22 13 59.09 
5 18 9 50.00 
6 13 7 53.85 
7 9 3 33.33 
8 2 1 50.00 	Table.2: Results from different RASC runs with different well threshold values. Well 
threshold value=4 is selected subjectively because of the high percentage of low standard 
deviation event compared to the overall number of event.  	 	
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Bioevent Ave. Age (Ma) Ave.Depth (mbsf) 
LO Sphenolithus delphix 23.08 322.34 
FO Discoaster druggii 22.82 244.87 
FO Sphenolithus disbelmnos 22.59 322.34 
FO Helicosphaera ampliaperta 20.43 264.96 
FO Sphenolithus belemnos 19.03 257.05 
LO Triquetrorhabdulus carinatus 18.28 237.42 
LO Sphenolithus belemnos 17.95 240.35 
FCO Sphenolithus hetermorphous 17.71 234.22 
LCO Discoaster deflandrei 15.80 193.96 
LO Helicosphaera ampliaperta 14.91 189.34 
Table 3a: List of bioevents used to plot Age/Depth model (Figure 3) for Hole 959A. Age 
values are taken from GTS2012 and Raffi et al., (2006). Note: Ave. depth values are the 
average values of the interval in which the event exist in Hole 959A (taken from Table 1).  
 
Bioevent Interpolated Age values (Ma) Ave. Depth (mbsf) 
FO Calcidiscus premacintyrei 18.30 245.28 
F-Acme Coronocyclus nitescens 18.90 255.62 
L-Acme Coronocyclus nitescens 17.72 235.33 
L-Acme Cyclicargolithus floridanus 15.30 193.96 
LO Discoaster adamanteus 18.07 241.43 
LO Discoaster deflandrei 14.95 188.10 
FO Discoaster sp. cf D. druggii 19.75 270.15 
FCO Discoaster sp. cf D. druggii 18.35 246.18 
FO Discoaster exilis 17.65 234.22 
FCO Discoaster exilis 17.29 228.09 
FO Discoaster musicus 14.95 188.10 
FO Discoaster variabilis 18.30 245.28 
FCO Discoaster variabilis 17.29 228.09 
FCO Discoaster petaliformis 16.11 207.79 
LO Helicosphaera euphratis 15.03 189.34 
FCO Helicosphaera mediterranea 16.72 218.36 
FO Orthorhabdus serratus 20.01 274.62 
FCO Orthorhabdus serratus 19.91 272.85 
LO Sphenolithus dissimilis 19.29 262.26 
LO Sphenolithus disbelemnos 17.16 225.83 
LO Triquetrorhabdulus milowii 15.13 191.04 
Table 3b:	Interpolated age values for secondary events in Hole 959A. Age values were 
interpolated using the linear relationship from the Age/Depth model (Figure 3). Linear 
equation (Y = 0.0585X +3.9496) X= Depth, Y= Age.  
 	
	 38 















FO Calcidiscus premacintyrei 18.298 15.864 19.025 22.465 18.016       18.734 
F-Acme Coronocyclus nitescens 18.903 19.329         22.450   20.227 
L-Acme Coronocyclus nitescens 17.716 17.493 17.147   17.387   20.852   18.119 
L-Acme Cyclicargolithus floridanus 15.296 14.221 7.808 22.209 17.321 9.406 15.720   14.569 
LO Discoaster adamanteus 18.073     22.845     19.234   20.051 
LO Discoaster deflandrei 14.953           12.617 14.532 14.034 
FO Discoaster sp. cf D. druggii 19.753     23.025 22.381   22.748   21.977 
FCO Discoaster sp. cf D. druggii 18.351               18.351 
FO Discoaster exilis 17.651   16.173   17.583 17.082 15.134 18.384 17.001 
FCO Discoaster exilis 17.293             15.638 16.465 
FO Discoaster musicus 14.953       17.285       16.119 
FO Discoaster variabilis 18.298   16.457   18.214   17.919 15.638 17.305 
FCO Discoaster variabilis 17.293       17.293   12.740 12.971 15.074 
FCO Discoaster petaliformis 16.105     20.788     15.720 17.590 17.551 
LO Helicosphaera euphratis 15.026     22.756 20.091 20.613 15.720 15.638 18.307 
FCO Helicosphaera mediterranea 16.724     22.960         19.842 
FO Orthorhabdus serratus 20.015 22.491   22.676 19.556 19.817 20.852 21.590 20.999 
FCO Orthorhabdus serratus 19.911               19.911 
LO Sphenolithus dissimilis 19.292 18.900   22.615 18.358 17.448 16.787 18.829 18.890 
LO Sphenolithus disbelemnos 17.160 19.718             18.439 
LO Triquetrorhabdulus milowii 15.125 9.871 15.309   17.386 15.199 12.617 13.207 14.102 
 
 Table.4: Interpolated age values for secondary events from the linear relationship of the Age/Depth 
model for all Sites/Holes in this study. (Equations used in the interpolation of age values are listed 
in Appendix 3) 			 	
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Event S.d (Ave = 0.1389) Number of Wells (out of 8) 
Sphenolithus delphix LO  0 4 
Discoaster sp cf. D. druggii FO  0.1843 4 
Discoaster druggii FO 0.1633 7 
Helicosphaera recta LO 0.1815 6 
Sphenolithus conicus LO 0.1764 5 
Orthorhabdus serratus FO  0.137 7 
Helicosphaera ampliaperta FO  0.1976 7 
Sphenolithus belemnos FO 0.1081 7 
Triquetrorhabdulus carinatus LO  0.1332 8 
Sphenolithus heteromorphus FO 0.1159 8 
Sphenolithus dissimilis LO 0.09762 7 
Sphenolithus belemnos LO 0.05683 7 
Calcidiscus premacintyrei FO 0.1893 5 
Coronocyclus nitescens - Acme Top 0.1678 5 
Discoaster variabilis  FO 0.1632 5 
Discoaster petaliformis FO 0.08227 4 
Helicosphaera euphratis LO 1.10E-01 6 
Discoaster exilis FO 0.1306 6 
Discoaster deflandrei LCO 0.1322 5 
Helicosphaera ampliaperta LO 0.1622 6 
Triquetrorhabdulus milowii LO 0.1181 7 
Discoaster variabilis  FCO 0.1096 4 
 Table.5: The final optimum sequence results from RASC run with well threshold value = 4. 





1. Calcidiscus spp., crossed polarized light, sample 30X-2, 30-31 
2. Coccolithus pelagicus, crossed polarized light, sample 32X-5, 125-126 
3. Coronocyclus nitenses, crossed polarized light, sample 32X-5, 125-126 
4. Cyclicarglithus floridanus, crossed polarized light, sample 32X-5, 125-126 
5. Dictyococcytes spp. (medium), crossed polarized light, sample 32X-6, 25-26 
6. Discoaster aulakos, phase contrast, sample 27X-1, 37-38 
7. Discoaster deflandrei, plane light, sample 32X-5, 125-126 
8. Discoaster druggii, Plane light, sample 26X-6, 37-38 
9. Discoaster exilis, plane light, sample 21X-7, 30-31  
10a. Discoaster petaliformis, Plane light, sample 20XCC 
10b. Discoaster petaliformis, Plane light, sample 20XCC, same specimen as 
above with different focus. 


































1. Discoaster variabilis, plane light, sample 21X-7, 30-31 
2. Hayster perplexus, phase contrast, sample 22X-1, 48-49 
3. Helicosphaera ampliaperta, crossed polarized light, sample 22X-5, 48-49 
4. Helicosphaera carteri, crossed polarized light, sample 27X-6, 37-38 
5. Helicosphaera euphratis, crossed polarized light, sample 34X-6, 44-45 
6. Helicosphaera intermedia, crossed polarized light, sample 22X-7, 33-34 
7. Helicosphaera mediterranea, crossed polarized light, sample 27X-6, 37-38 
8a. Helicosphaera obliqua, crossed polarized light, sample 21X-7, 30-31 
8b. Helicosphaera obliqua, plane light, sample 21X-7, 30-31 
9. Helicosphaera sp. cf H. lophota, crossed polarized light, sample 33XCC 
10. Helicosphaera sp. cf H. recta, crossed polarized light, sample 35X-5, 8-10 














































1. Pontosphaera multipora, crossed polarized light, sample 22X-7, 33-34 
2. Reticulofenstra spp. (medium), crossed polarized light, sample 30XCC 
3. Reticulofenstra spp. (small), crossed polarized light, sample 30XCC 
4. Reticulofenstra spp. (v. small), crossed polarized light, sample 30XCC 
5. Scyphosphaera spp., crossed polarized light, sample 24X-5, 40-41 
6. Solidopons petrae, crossed polarized light, sample 22X-5, 48-49 
7a. Sphenolithus belemnos, crossed polarized light, 0º, sample 27X-6, 37-38 
7b. Sphenolithus belemnos, crossed polarized light, 45º, sample 27X-6, 37-38 
8a. Sphenolithus conicus, crossed polarized light, 0º, sample 30XCC 
8b. Sphenolithus conicus, crossed polarized light, 45º, sample 30XCC 
9a. Sphenolithus delphix, crossed polarized light, 0º, sample 35X5, 8-10 






























1a. Sphenolithus delphix, crossed polarized light, 0º, sample 33XCC 
1b. Sphenolithus delphix, crossed polarized light, 45º, sample 33XCC 
2a. Sphenolithus disbelemnos, crossed polarized light, 0º, sample 34X-6, 44-45 
2b. Sphenolithus disbelemnos, crossed polarized light, 45º, sample 34X-6, 44-45 
3a. Sphenolithus dismilis, crossed polarized light, 0º, sample 33XCC 
3b. Sphenolithus dismilis, crossed polarized light, 45º, sample 33XCC  
4a. Sphenolithus heteromorphus, crossed polarized light, 0º, sample 22X-7, 33-34 
4b. Sphenolithus heteromorphus, crossed polarized light, 45º, sample 22X-7, 33-34  
5a. Sphenolithus moriformis crossed polarized light, 0º, sample 30XCC 
5b. Sphenolithus moriformis, crossed polarized light, 45º, sample 30XCC 
6a. Sphenolithus umberellus, crossed polarized light, 0º, sample 30XCC  































1. Tetralithoides symeonidesii, crossed polarized light, sample 21XCC 
2. Triquetrorhabdulus carinatus, crossed polarized light, sample 32X-5, 125-126 
3. Triquetrorhabdulus carinatus, crossed polarized light, sample 35X-4, 59-60 
4. Triquetrorhabdulus longus, crossed polarized light, sample 29XCC 
5. Triquetrorhabdulus milowii, crossed polarized light, sample 26X-4, 120-121 
6. Umbilicosphaera cf sp. #1, crossed polarized light, sample 22X-7, 33-34 
7. Umbilicosphaera cf sp. #2, crossed polarized light, sample 22X-7, 33-34 
8. Unidenified sp. Type#1, crossed polarized light, sample 21XCC 




























































































































































































































































































































































































































































































































































































































































































































































































































































20-5,	48-49 186.09 M C 30 1079 22 2 2 27 12 6 4 1 13 10 70 1 3 4 12 70 480 280 60 14 2 5 1
20-6,	48-49 187.48 M C 30 1673 25 2 39 4 2 2 20 1 18 6 15 2 225 1 3 1 24 27 795 330 4 120 18 8 3 3
20-7,	31-32 188.71 G A 30 1976 26 2 1 20 8 5 40 30 24 13 1 7 3 2 170 1 3 20 160 710 520 2 200 3 8 20 3
20-CC 189.10 G A 30 2108 26 2 3 30 1 9 20 8 14 14 30 7 2 210 1 1 30 150 690 600 1 4 230 8 9 30 4
21-1,	48-49 189.57 G A 30 2389 33 3 20 22 4 5 5 13 5 17 8 5 11 220 9 3 1 2 5 6 2 15 380 840 450 1 4 270 24 2 4 4 24 5
21-3,	48-49 192.50 G A 30 2704 24 1 1 24 5 4 11 11 5 3 4 66 2 1 11 420 1270 770 2 66 11 1 4 5 6
21-5,	48-49 195.42 G A 30 1591 27 1 65 3 30 20 8 5 30 8 4 75 3 2 2 2 9 85 530 590 1 80 20 1 1 8 2 6
21-7,	30-31 198.18 G A 30 2484 27 2 100 5 30 4 39 6 45 8 3 39 270 15 11 2 11 39 790 610 3 1 290 140 2 9 7 3
21-CC 198.60 G A 30 2345 33 5 2 48 20 30 2 9 13 5 16 7 6 110 210 30 8 4 11 2 22 5 840 615 2 8 190 51 3 20 3 14 30 4
22-1,	48-49 199.07 G A 30 3062 31 80 16 42 60 5 20 8 26 2 16 48 340 9 7 3 2 36 310 1005 825 5 11 69 81 1 5 8 3 3 14 2
22-3,	48-49 202.00 G A 30 3581 34 1 85 20 20 1 50 30 11 1 70 7 12 75 200 10 2 3 2 1 5 3 20 8 1275 1380 16 160 75 5 2 2 1 20 8
22-5,	48-49 204.93 G A 30 4233 29 90 8 39 36 36 15 20 1 48 4 13 100 270 7 2 7 2 5 30 230 1320 1770 70 70 5 2 13 15 5
22-7,	33-34 207.22 G A 30 3730 33 2 3 8 100 4 100 11 42 7 7 30 2 3 60 270 24 7 9 3 1 55 51 975 1275 3 540 80 5 3 1 6 36 7
22-CC 207.60 G A 30 5001 33 6 2 90 20 70 1 65 20 4 1 110 6 7 110 285 50 9 20 33 1 1 190 30 1440 1335 24 765 150 4 9 50 85 8
23-1,	39-41 207.97 M F 30 416 25 1 11 1 36 4 39 4 10 5 7 30 1 2 3 2 1 20 60 39 1 105 30 2 1 1
23-3,	48-49 210.88 G A 30 1177 31 1 1 24 20 30 10 72 13 20 60 2 2 17 110 5 1 2 1 1 3 42 170 90 2 1 310 140 15 4 3 5
23-5,	48-49 213.70 G A 30 1449 25 70 9 6 8 20 9 2 26 3 22 240 9 1 2 2 2 30 430 190 210 120 6 7 20 5
23-7,	25-26 216.31 G A 30 1219 27 60 13 16 7 45 12 6 26 6 50 160 11 4 6 3 2 14 20 310 120 190 100 2 1 22 8 5
23-CC 216.60 G A 30 1634 29 280 20 4 5 70 14 20 8 1 50 220 6 3 5 1 2 3 7 36 120 70 380 280 2 4 2 12 6 3
24-1,	40-41 216.97 G A 30 1403 29 84 28 8 22 30 10 4 32 9 1 18 120 7 4 3 1 5 8 36 480 100 165 195 3 1 9 3 14 3
24-3,	40-41 219.75 G A 30 2504 29 51 9 16 9 108 16 2 20 9 4 55 140 30 11 3 30 36 540 360 2 4 1 555 390 4 1 84 10 4
24-5,	40-41 222.53 G A 30 1815 31 33 5 24 30 100 13 10 21 17 1 2 45 3 5 3 1 1 1 3 84 156 30 1 1 3 840 345 3 28 1 5
24-7,	40-41 225.31 G A 30 2381 28 1 2 39 24 12 108 168 12 4 14 12 4 102 240 6 7 3 3 126 405 225 2 6 540 285 4 24 3
24-CC 225.80 G A 30 2105 29 1 1 26 9 22 20 36 1 2 11 8 6 70 260 11 30 6 1 8 24 780 380 1 270 96 4 1 14 6
25-1,	5-6 225.85 G A 30 1480 31 1 1 28 3 26 33 26 16 4 5 9 3 32 100 4 10 2 2 8 30 490 300 3 3 190 110 5 1 24 7 4
25-2,	5-6 227.34 G A 30 1915 27 1 45 1 75 50 4 19 7 5 55 160 3 3 14 5 36 590 380 6 2 270 160 4 1 9 8 2
25-3,	5-6 228.83 G A 30 1021 26 3 12 20 33 14 1 3 6 27 42 4 5 2 4 125 380 70 2 7 150 70 1 9 7 20 4
25-4,	5-6 230.32 P F 30 99 12 3 6 26 10 2 4 1 15 15 14 1 2
25-5,	5-6 231.81 G A 30 3267 29 1 110 2 54 100 1 220 7 2 8 1 60 130 1 2 4 6 255 1215 570 1 280 220 1 2 1 11 1 1
25-6,	5-6 233.30 M F 30 402 22 9 6 39 39 2 1 3 7 1 1 3 2 3 93 87 60 2 5 34 2 1 2
25-7,	39-41 235.13 M F 30 489 17 70 2 9 17 80 1 1 3 1 2 85 90 120 2 3 2 1
25-CC 235.50 G A 30 6099 27 3 1 60 15 72 270 66 6 2 3 48 165 12 6 2 1 7 330 2175 2685 2 96 2 1 65 2 2
26-1,	120-121 236.68 G A 30 2565 24 1 114 39 150 360 108 2 8 8 126 5 3 1 8 240 510 810 1 36 1 1 17 1 15
26-2,	120-121 238.15 G A 30 1648 26 36 20 72 66 32 1 4 2 33 4 2 1 3 9 285 495 525 1 3 33 3 3 11 1 2 1
26-3,	116-117 239.59 G A 30 3528 24 1 1 165 6 22 150 60 2 5 51 1 1 1 6 360 990 1650 1 30 1 2 2 1 19
26-4,	120-121 241.10 G A 30 6827 32 1 2 180 50 70 240 165 8 4 3 10 380 30 39 4 10 2 48 435 2815 2120 2 2 1 2 132 2 1 30 1 36 2
26-5,	037-038 241.76 G A 30 3459 32 1 3 180 20 180 195 1 36 1 4 3 4 9 240 20 5 1 1 1 7 195 1155 1080 1 1 95 1 5 3 8 2 1
26-6,	37-38 243.23 G A 30 5268 33 1 66 60 33 195 1 120 1 10 3 6 600 45 20 1 3 3 36 285 1530 1980 3 2 5 2 210 1 2 2 1 4 36 1
26-7,	30-31 244.64 G A 30 4506 28 3 270 26 90 180 2 42 7 5 2 72 66 8 5 4 13 96 1980 1530 51 2 1 8 4 5 30 3 1
26-CC 245.10 G A 30 5673 35 1 2 4 180 50 210 120 3 50 7 13 1 30 285 60 14 8 22 3 120 210 2040 1905 1 1 2 1 2 160 3 50 2 9 100 4
27-1,	37-38 245.46 G A 30 5125 32 30 1 150 210 225 165 11 1 240 10 5 30 30 225 26 3 1 5 100 20 78 1200 2055 2 3 1 240 5 6 2 38 7
27-2,	37-38 246.90 G A 30 4664 33 11 2 330 165 100 120 2 100 5 2 30 195 10 6 2 1 2 90 33 24 705 1995 2 510 42 150 4 1 4 1 2 17 1
27-3,	37-38 248.35 G A 30 4025 25 1 250 19 110 60 5 30 1 4 75 3 2 5 10 5 100 1335 1935 42 4 20 1 4 1 3
27-4,	37-38 249.80 G C 30 799 28 1 2 60 14 21 24 2 37 9 16 1 1 1 1 28 3 36 171 306 1 20 3 22 4 3 3 6 3
27-5,	23-26 251.24 G A 30 1990 27 1 2 4 90 26 145 36 20 7 1 10 80 2 4 1 90 6 20 550 720 60 1 33 65 1 13 2
27-6,	37-38 252.69 G A 30 4665 28 2 3 195 55 225 72 2 160 3 20 160 9 17 4 3 2 144 20 165 525 2595 156 2 14 36 9 1 66
27-7,	37-38 254.13 G A 30 2444 32 4 12 5 150 24 72 66 1 33 6 30 106 22 12 8 3 42 18 8 630 1100 1 2 10 1 4 36 5 2 1 28 2
27-CC 254.80 G A 30 1799 25 3 3 220 30 29 63 10 138 1 10 41 8 6 5 102 2 36 540 520 1 13 5 5 2 6
28-1,	10-11 254.90 G A 30 1357 25 1 3 57 33 30 15 2 22 2 4 72 5 3 24 5 17 240 765 11 3 17 4 1 19 2
28-2,	10-11 256.33 M C 30 512 25 2 66 11 57 45 5 51 1 1 4 1 51 3 45 30 33 19 1 9 26 20 24 3 2 2
28-3,	9-11 257.76 M F 30 320 22 2 30 1 60 2 1 15 1 20 1 2 3 1 4 3 48 114 2 4 2 3 1
28-5,	100-101 261.51 M F 30 276 25 1 3 24 5 17 7 3 42 7 1 2 1 63 1 24 22 24 2 8 4 2 4 7 1 1
28-6,	106-108 263.00 M C 30 869 26 1 5 90 7 72 60 30 5 180 12 1 7 2 1 1 42 2 108 72 144 1 1 6 11 4 4
28-7,	40-41 263.81 M F 30 176 22 2 12 2 10 8 11 33 15 1 2 22 26 6 4 1 5 3 9 1 1 1 1
28-CC 264.40 G A 30 1027 28 4 28 12 26 66 8 57 12 3 26 4 2 1 2 39 1 36 228 438 1 3 12 3 5 1 2 6 1
29-1,	115-116 265.51 M F 30 429 26 3 5 33 12 45 30 36 1 3 9 1 33 3 57 66 39 1 6 6 22 6 3 4 3 1 1
29-2,	13-14 265.97 M C 30 928 27 7 1 2 78 16 114 34 6 90 8 7 3 4 30 5 84 156 228 1 1 10 24 7 5 3 1 3
29-3,	38-40 267.66 M F 30 385 20 5 20 5 33 1 48 8 5 1 2 2 7 54 48 132 1 6 1 3 3
29-4,	20-21 268.94 G A 30 2439 26 2 5 2 65 13 150 40 7 5 85 3 2 4 10 1 4 13 8 150 520 1290 13 39 4 3 1
29-5,	120-121 271.35 M C 30 932 21 1 34 2 126 55 26 5 38 13 3 1 3 2 150 240 192 15 2 20 3 1
29-6,	60-61 272.22 G A 30 1017 26 4 2 1 20 2 60 24 4 10 1 3 2 1 4 3 170 325 345 1 2 8 1 3 15 1 5
29-7,	40-41 273.48 M C 30 712 20 2 1 24 1 117 33 14 3 5 8 4 69 222 144 1 3 22 20 18 1
29-CC 274.00 G A 30 1988 33 4 30 2 102 3 174 24 4 1 5 60 14 4 21 8 2 1 9 1 20 222 432 732 1 5 1 24 32 7 30 3 8 2
30-1,	125-126 275.24 M F 30 105 13 11 11 4 1 9 24 33 2 1 3 4 1 1
30-2,	30-31 275.79 G A 30 1743 26 6 2 60 8 130 11 20 40 3 11 2 1 3 9 280 390 640 4 1 48 24 10 30 8 1 1
30-3,	86-88 277.83 M C 30 789 26 5 20 2 42 1 4 28 2 20 6 1 6 8 51 129 420 1 1 2 19 3 9 5 1 2 1
30-CC 283.70 G A 30 3437 31 2 3 55 7 132 4 22 1 2 188 6 34 1 4 13 225 1155 1440 1 6 2 5 57 6 2 34 1 3 17 8 1
31-4,	120-121 289.40 M F 30 317 16 15 63 2 1 4 2 2 2 2 45 60 72 22 17 7 1
31-6,	91-92 292.11 P F 30 261 20 24 1 66 5 3 13 2 2 1 2 42 57 28 2 2 1 2 3 1 4
31-CC 293.30 M F 30 434 23 12 1 63 10 2 1 17 3 7 1 2 1 61 129 96 13 1 1 7 1 2 2 1
32-3,	98-100 298.78 G A 30 200 21 1 9 2 75 9 8 42 2 1 8 12 7 1 1 1 3 10 1 1 2 4
32-4,	120-121 299.00 P F 30 117 16 2 5 1 36 6 7 8 1 13 9 1 5 12 5 3 3
32-5,	125-126 300.55 G A 30 1370 22 3 3 45 11 468 28 5 2 6 40 8 6 2 1 3 306 264 1 84 36 22 26
32-6,	25-26 301.05 G A 30 2154 27 2 6 63 17 360 36 3 32 1 3 3 1 1 1 2 30 585 840 13 2 108 14 7 18 1 4 1
32-CC 303.00 M F 30 334 21 5 5 78 4 3 20 4 1 1 2 2 9 48 108 6 1 22 3 2 5 5
33xCC 312.60 M C 30 649 22 5 1 325 6 10 42 2 2 8 4 1 5 4 6 105 80 1 24 14 1 2 1
34X6,	44-45 320.45 G A 30 1923 24 4 2 7 2 180 33 3 14 3 3 2 1 2 1 3 9 630 860 55 2 12 4 90 1
34X7,	30-31 321.90 M C 30 1528 23 2 20 39 2 330 30 22 4 1 1 10 3 20 320 230 210 33 4 30 210 2 1 4
34XCC 322.20 P F 30 155 13 3 1 60 4 2 1 24 9 5 3 2 2 39
35X1,	27-28 322.47 P C 30 553 18 20 51 39 1 33 9 1 132 168 36 2 5 6 11 30 2 1 6
35X2,	27-28 323.97 M A 30 1301 18 1 100 180 30 2 55 11 2 1 140 250 72 8 3 14 420 2 10
35X3,	27-38 325.47 G A 30 1480 22 30 50 410 9 1 32 3 1 4 1 1 190 430 140 1 66 8 36 1 60 2 4
35X4,	59-60 327.29 P F 30 291 16 8 13 5 1 13 3 1 1 1 70 33 7 9 5 120 1


































































































































































































































































































































































































































































































































































































































































































































































20-5,	48-49 186.09 M C 30 100 58 0.2 0.0 0.2 0.0 2.5 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6 0.0 1.2 0.4 0.9 0.0 0.0 6.5 0.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.4 1.1 25.9 6.5 44.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.6 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.1
20-6,	48-49 187.48 M C 30 100 58 0.1 0.0 0.0 0.0 2.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 1.1 0.4 1.2 0.9 0.1 0.0 13.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.1 1.4 19.7 1.6 47.5 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.2 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.2 0.2
20-7,	31-32 188.71 G A 30 100 58 0.1 0.0 0.1 0.0 1.0 0.4 0.3 2.0 0.0 0.0 0.0 1.5 0.0 0.0 0.1 1.2 0.0 0.4 0.7 0.2 0.1 0.0 8.6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.0 1.0 26.3 8.1 35.9 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.0 0.2
20-CC 189.10 G A 30 100 58 0.1 0.0 0.1 0.0 1.4 0.0 0.4 0.9 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.7 0.0 1.4 0.7 0.3 0.1 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 28.5 7.1 32.7 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.4 0.2
21-1,	48-49 189.57 G A 30 100 58 0.1 0.0 0.8 0.0 0.9 0.2 0.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.5 0.0 0.7 0.2 0.3 0.2 0.5 9.2 0.4 0.3 0.1 0.0 0.0 0.1 0.0 0.2 0.1 0.6 18.8 15.9 35.2 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.3 1.0 0.0 0.1 0.0 0.0 0.0 0.0 0.2 0.2 1.0 0.2
21-3,	48-49 192.50 G A 30 100 58 0.0 0.0 0.0 0.0 0.9 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.4 0.0 0.2 0.1 0.1 2.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 28.5 15.5 47.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2
21-5,	48-49 195.42 G A 30 100 58 0.0 0.0 0.1 0.0 4.1 0.2 1.9 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.5 0.0 1.9 0.3 0.5 0.0 0.3 4.7 0.2 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.6 37.1 5.3 33.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 1.3 0.0 0.1 0.0 0.0 0.0 0.1 0.5 0.1 0.4 0.0
21-7,	30-31 198.18 G A 30 100 58 0.0 0.0 0.1 0.0 4.0 0.2 1.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 1.6 0.0 1.8 0.2 0.3 0.1 1.6 10.9 0.6 0.0 0.4 0.0 0.1 0.4 0.0 0.0 0.0 1.6 24.6 0.0 31.8 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.7 5.6 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.4 0.3 0.1
21-CC 198.60 G A 30 100 58 0.2 0.0 0.1 0.0 2.0 0.9 1.3 0.1 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.6 0.0 0.7 0.2 0.3 0.3 4.7 9.0 1.3 0.1 0.3 0.0 0.2 0.5 0.0 0.0 0.0 0.9 26.2 0.2 35.8 0.0 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.1 2.2 0.1 0.9 0.0 0.0 0.0 0.1 0.0 0.6 1.3 0.2
22-1,	48-49 199.07 G A 30 100 58 0.0 0.0 0.0 0.0 2.6 0.5 1.4 2.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.7 0.0 0.8 0.3 0.1 0.5 1.6 11.1 0.3 0.0 0.2 0.0 0.0 0.1 0.0 0.1 0.0 1.2 26.9 10.1 32.8 0.0 0.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 2.6 0.0 0.2 0.0 0.0 0.0 0.3 0.1 0.1 0.5 0.1
22-3,	48-49 202.00 G A 30 100 58 0.0 0.0 0.0 0.0 2.4 0.6 0.6 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.8 0.0 2.0 0.3 0.2 0.3 2.1 5.6 0.3 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.1 0.6 38.5 0.2 35.6 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.5 2.1 0.0 0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.6 0.2
22-5,	48-49 204.93 G A 30 100 58 0.0 0.0 0.0 0.0 2.1 0.2 0.9 0.9 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.4 0.0 1.1 0.5 0.1 0.3 2.4 6.4 0.2 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.7 41.8 5.4 31.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 1.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.1
22-7,	33-34 207.22 G A 30 100 58 0.1 0.1 0.2 0.0 2.7 0.1 2.7 0.3 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.2 0.0 0.8 0.2 0.1 0.1 1.6 7.2 0.6 0.0 0.2 0.0 0.2 0.1 0.0 0.0 0.0 1.5 34.2 1.4 26.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.5 2.1 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.2 1.0 0.2
22-CC 207.60 G A 30 100 58 0.1 0.0 0.0 0.0 1.8 0.4 1.4 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.4 0.0 2.2 0.1 0.1 0.1 2.2 5.7 1.0 0.0 0.2 0.0 0.4 0.7 0.0 0.0 0.0 3.8 26.7 0.6 28.8 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.3 3.0 0.0 0.1 0.0 0.0 0.0 0.2 0.0 1.0 1.7 0.2
23-1,	39-41 207.97 M F 30 100 58 0.0 0.2 0.0 0.0 2.6 0.2 8.7 1.0 0.0 0.0 0.0 9.4 0.0 0.0 0.0 1.0 0.0 2.4 0.0 1.2 0.0 1.7 7.2 0.2 0.0 0.5 0.0 0.7 0.0 0.0 0.5 0.0 0.2 9.4 4.8 14.4 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.2 7.2 0.0 0.5 0.0 0.0 0.0 0.2 0.0 0.2 0.0 0.0
23-3,	48-49 210.88 G A 30 100 58 0.1 0.1 0.0 0.0 2.0 1.7 2.5 0.8 0.0 0.0 0.0 6.1 0.0 0.0 1.7 1.1 0.0 5.1 0.0 0.2 0.2 1.4 9.3 0.4 0.0 0.1 0.0 0.2 0.1 0.0 0.1 0.0 0.3 7.6 3.6 14.4 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.3 11.9 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.3 0.3 0.4
23-5,	48-49 213.70 G A 30 100 58 0.0 0.0 0.0 0.0 4.8 0.6 0.4 0.6 0.0 0.0 0.0 1.4 0.0 0.0 0.1 0.6 0.0 1.8 0.0 0.2 0.0 1.5 16.6 0.6 0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.1 13.1 2.1 29.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.5 8.3 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.5 1.4 0.3
23-7,	25-26 216.31 G A 30 100 58 0.0 0.0 0.0 0.0 4.9 1.1 1.3 0.6 0.0 0.0 0.0 3.7 0.0 0.0 0.5 1.0 0.0 2.1 0.0 0.5 0.0 4.1 13.1 0.9 0.0 0.3 0.0 0.5 0.2 0.0 0.2 0.0 1.1 9.8 1.6 25.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.6 8.2 0.2 0.0 0.0 0.0 0.0 0.0 0.1 1.8 0.7 0.4
23-CC 216.60 G A 30 100 58 0.0 0.0 0.0 0.0 17.1 1.2 0.2 0.3 0.0 0.0 0.0 4.3 0.0 0.0 0.0 0.9 0.0 1.2 0.0 0.5 0.1 3.1 13.5 0.4 0.2 0.2 0.0 0.3 0.1 0.0 0.1 0.0 0.4 4.3 2.2 7.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.3 17.1 0.1 0.0 0.0 0.0 0.0 0.2 0.1 0.7 0.4 0.2
24-1,	40-41 216.97 G A 30 100 58 0.0 0.0 0.0 0.0 6.0 2.0 0.6 1.6 0.0 0.0 0.0 2.1 0.0 0.0 0.3 0.7 0.0 2.3 0.0 0.6 0.1 1.3 8.6 0.5 0.4 0.3 0.0 0.2 0.0 0.0 0.1 0.0 0.6 7.1 2.6 34.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.8 13.9 0.2 0.1 0.0 0.0 0.0 0.6 0.2 1.0 0.2 0.0
24-3,	40-41 219.75 G A 30 100 58 0.0 0.0 0.0 0.0 2.0 0.4 0.6 0.4 0.0 0.0 0.0 4.3 0.0 0.0 0.1 0.6 0.0 0.8 0.0 0.4 0.2 2.2 5.6 1.2 0.0 0.4 0.0 0.0 0.1 0.0 0.0 0.0 1.2 14.4 1.4 21.6 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.2 15.6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 3.4 0.4 0.2
24-5,	40-41 222.53 G A 30 100 58 0.0 0.0 0.0 0.0 1.8 0.3 1.3 1.7 0.0 0.0 0.0 5.5 0.0 0.0 0.6 0.7 0.0 1.2 0.0 0.9 0.1 0.1 2.5 0.2 0.1 0.3 0.0 0.0 0.2 0.0 0.1 0.1 0.2 1.7 4.6 8.6 0.0 0.1 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 46.3 19.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 1.5 0.1 0.3
24-7,	40-41 225.31 G A 30 100 58 0.0 0.0 0.1 0.0 1.6 1.0 0.5 4.5 0.0 0.0 0.0 7.1 0.0 0.0 0.2 0.5 0.0 0.6 0.0 0.5 0.2 4.3 10.1 0.3 0.0 0.3 0.0 0.0 0.1 0.0 0.0 0.0 0.1 9.4 5.3 17.0 0.0 0.0 0.1 0.0 0.0 0.3 0.0 0.0 0.0 0.0 22.7 12.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 1.0 0.1 0.0
24-CC 225.80 G A 30 100 58 0.0 0.0 0.0 0.0 1.2 0.4 1.0 1.0 0.0 0.0 0.0 1.7 0.0 0.0 0.1 0.0 0.0 0.5 0.0 0.4 0.3 3.3 12.4 0.5 0.0 1.4 0.0 0.0 0.3 0.0 0.0 0.0 0.4 18.1 1.1 37.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.8 4.6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.7 0.3 0.0
25-1,	5-6 225.85 G A 30 100 58 0.0 0.1 0.1 0.0 1.9 0.2 1.8 2.2 0.0 0.0 0.0 1.8 0.0 0.0 0.3 1.1 0.0 0.3 0.1 0.6 0.2 2.2 6.8 0.3 0.0 0.7 0.0 0.0 0.1 0.0 0.1 0.0 0.5 20.3 2.0 33.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0 12.8 7.4 0.0 0.3 0.0 0.0 0.0 0.1 0.0 1.6 0.5 0.3
25-2,	5-6 227.34 G A 30 100 58 0.0 0.0 0.0 0.1 2.3 0.1 3.9 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.2 0.0 1.0 0.0 0.4 0.3 2.9 8.4 0.2 0.0 0.2 0.0 0.0 0.7 0.0 0.0 0.0 0.3 19.8 1.9 30.8 0.0 0.0 0.3 0.0 0.0 0.1 0.0 0.0 0.0 0.0 14.1 8.4 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.5 0.4 0.1
25-3,	5-6 228.83 G A 30 100 58 0.0 0.0 0.3 0.0 1.2 0.0 2.0 3.2 0.0 0.0 0.0 1.4 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.3 0.6 2.6 4.1 0.4 0.0 0.5 0.0 0.0 0.2 0.0 0.0 0.0 0.4 6.9 12.2 37.2 0.0 0.0 0.2 0.0 0.0 0.7 0.0 0.0 0.0 0.0 14.7 6.9 0.1 0.9 0.0 0.0 0.0 0.0 0.0 0.7 2.0 0.4
25-4,	5-6 230.32 P F 30 100 58 0.0 0.0 0.0 0.0 3.0 0.0 0.0 6.1 0.0 0.0 0.0 26.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.1 0.0 2.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 14.1 15.2 15.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25-5,	5-6 231.81 G A 30 100 58 0.0 0.0 0.0 0.0 3.4 0.1 1.7 3.1 0.0 0.0 0.0 6.7 0.0 0.0 0.0 0.2 0.0 0.1 0.0 0.2 0.0 1.8 4.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.2 17.4 7.8 37.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.6 6.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0
25-6,	5-6 233.30 M F 30 100 58 0.0 0.0 0.0 0.0 2.2 0.0 1.5 9.7 0.0 0.0 0.0 9.7 0.0 0.0 0.0 0.5 0.0 0.2 0.0 0.7 0.0 1.7 0.2 0.2 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.5 0.7 14.9 23.1 21.6 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 1.2 8.5 0.5 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.5
25-7,	39-41 235.13 M F 30 100 58 0.0 0.0 0.0 0.0 14.3 0.4 1.8 3.5 0.0 0.0 0.0 16.4 0.0 0.0 0.2 0.0 0.0 0.2 0.0 0.6 0.0 0.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24.5 17.4 18.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.6 0.4 0.2 0.0 0.0
25-CC 235.50 G A 30 100 58 0.0 0.0 0.0 0.0 1.0 0.2 1.2 4.4 0.0 0.0 0.0 1.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.8 2.7 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 44.0 5.4 35.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0
26-1,	120-121 236.68 G A 30 100 58 0.0 0.0 0.0 0.0 4.4 1.5 5.8 14.0 0.0 0.0 0.0 4.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.3 0.0 0.3 4.9 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.3 31.6 9.4 19.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.6 0.0 0.0
26-2,	120-121 238.15 G A 30 100 58 0.0 0.0 0.0 0.0 2.2 1.2 4.4 4.0 0.0 0.0 0.0 1.9 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.2 0.0 0.1 2.0 0.2 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.2 0.5 31.9 17.3 30.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.2 2.0 0.2 0.0 0.2 0.0 0.0 0.7 0.1 0.1 0.0 0.1
26-3,	116-117 239.59 G A 30 100 58 0.0 0.0 0.0 0.0 4.7 0.2 0.6 4.3 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 46.8 10.2 28.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.5 0.0 0.0
26-4,	120-121 241.10 G A 30 100 58 0.0 0.0 0.0 0.0 2.6 0.7 1.0 3.5 0.0 0.0 0.0 2.4 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.1 5.6 0.4 0.0 0.6 0.0 0.0 0.1 0.0 0.1 0.0 0.7 31.1 6.4 41.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.5 0.0 0.0
26-5,	037-038 241.76 G A 30 100 58 0.0 0.0 0.1 0.0 5.2 0.6 5.2 5.6 0.0 0.0 0.0 1.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.3 6.9 0.6 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 31.2 5.6 33.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.7 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.1 0.0
26-6,	37-38 243.23 G A 30 100 58 0.0 0.0 0.0 0.0 1.3 1.1 0.6 3.7 0.0 0.0 0.0 2.3 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.1 0.0 11.4 0.9 0.0 0.4 0.0 0.0 0.0 0.0 0.1 0.1 0.7 37.6 5.4 29.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.7 0.0 0.0
26-7,	30-31 244.64 G A 30 100 58 0.0 0.0 0.1 0.0 6.0 0.6 2.0 4.0 0.0 0.0 0.0 0.9 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.0 1.6 1.5 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.3 34.0 2.1 43.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.2 0.0 0.0 0.1 0.1 0.7 0.1 0.0
26-CC 245.10 G A 30 100 58 0.0 0.0 0.1 0.0 3.2 0.9 3.7 2.1 0.1 0.0 0.0 0.9 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.2 0.0 0.5 5.0 1.1 0.0 0.2 0.0 0.0 0.1 0.0 0.4 0.1 2.1 33.5 3.7 35.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8 0.1 0.0 0.9 0.0 0.0 0.2 0.0 1.8 0.1 0.0
27-1,	37-38 245.46 G A 30 100 58 0.0 0.0 0.6 0.0 2.9 4.1 4.4 3.2 0.2 0.0 0.0 4.7 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.6 0.6 4.4 0.5 0.0 0.1 0.0 0.0 0.0 0.0 0.1 2.0 0.4 40.1 1.5 23.4 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 4.7 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.7 0.1 0.0
27-2,	37-38 246.90 G A 30 100 58 0.0 0.0 0.2 0.0 7.1 3.5 2.1 2.6 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.6 4.2 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 1.9 0.7 42.8 0.5 15.1 0.0 0.0 0.0 0.0 10.9 0.0 0.0 0.0 0.9 0.0 0.0 3.2 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.4 0.0 0.0
27-3,	37-38 248.35 G A 30 100 58 0.0 0.0 0.0 0.0 6.2 0.5 2.7 1.5 0.1 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.9 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.2 0.1 48.1 2.5 33.2 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.1 0.0 0.0 0.5 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0
27-4,	37-38 249.80 G C 30 100 58 0.1 0.0 0.3 0.0 7.5 1.8 2.6 3.0 0.0 0.3 0.0 4.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 2.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.1 3.5 0.4 38.3 4.5 21.4 0.0 0.0 0.1 0.0 2.5 0.0 0.0 0.0 0.4 0.0 0.0 2.8 0.5 0.0 0.4 0.0 0.0 0.0 0.4 0.8 0.0 0.4
27-5,	23-26 251.24 G A 30 100 58 0.1 0.0 0.1 0.2 4.5 1.3 7.3 1.8 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.1 0.5 4.0 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.1 4.5 0.3 36.2 1.0 27.6 0.0 0.0 0.0 0.0 3.0 0.0 0.1 0.0 1.7 0.0 0.0 3.3 0.1 0.0 0.7 0.0 0.0 0.0 0.1 0.0 0.0 0.0
27-6,	37-38 252.69 G A 30 100 58 0.0 0.0 0.0 0.1 4.2 1.2 4.8 1.5 0.0 0.0 0.0 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.4 3.4 0.2 0.0 0.4 0.0 0.1 0.1 0.0 0.0 3.1 0.4 55.6 3.5 11.3 0.0 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.3 0.0 0.0 0.8 0.0 0.0 0.2 0.0 0.0 0.0 0.0 1.4 0.0 0.0
27-7,	37-38 254.13 G A 30 100 58 0.2 0.0 0.5 0.2 6.1 1.0 2.9 2.7 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 1.2 4.3 0.9 0.0 0.5 0.0 0.0 0.3 0.0 0.1 1.7 0.7 45.0 0.3 25.8 0.0 0.0 0.1 0.0 0.4 0.0 0.0 0.0 0.2 0.0 0.0 1.5 0.2 0.1 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.1
27-CC 254.80 G A 30 100 58 0.0 0.0 0.2 0.2 12.2 1.7 1.6 3.5 0.6 0.0 0.0 7.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.6 2.3 0.4 0.0 0.3 0.0 0.0 0.0 0.0 0.3 5.7 0.1 28.9 2.0 30.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.3 0.0 0.3 0.0 0.0 0.0 0.1 0.3 0.0 0.0
28-1,	10-11 254.90 G A 30 100 58 0.1 0.0 0.2 0.0 4.2 2.4 2.2 1.1 0.1 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.3 5.3 0.0 0.0 0.4 0.0 0.0 0.2 0.0 0.0 1.8 0.4 56.4 1.3 17.7 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.2 0.0 0.0 1.3 0.0 0.0 0.3 0.0 0.0 0.1 0.0 1.4 0.1 0.0
28-2,	10-11 256.33 M C 30 100 58 0.0 0.0 0.4 0.0 12.9 2.1 11.1 8.8 1.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2 0.8 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 10.0 0.6 6.4 8.8 5.9 0.0 0.0 0.0 0.0 3.7 0.2 0.0 0.0 1.8 0.0 0.0 5.1 3.9 0.0 4.7 0.0 0.0 0.6 0.4 0.4 0.0 0.0
28-3,	9-11 257.76 M F 30 100 58 0.0 0.0 0.6 0.0 9.4 0.3 18.8 0.6 0.3 0.0 0.0 4.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 6.3 0.3 0.0 0.6 0.0 0.0 0.9 0.0 0.3 1.3 0.0 35.6 0.9 15.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.6 0.0 0.9 0.3 0.0 0.0 0.0 0.0 0.0 0.0
28-5,	100-101 261.51 M F 30 100 58 0.0 0.0 0.4 1.1 8.7 1.8 6.1 2.5 1.1 0.0 0.0 15.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 0.0 0.4 0.7 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 22.7 0.4 8.7 8.7 7.9 0.7 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 2.9 1.4 0.0 0.7 2.5 0.0 1.4 0.4 0.4 0.0 0.0
28-6,	106-108 263.00 M C 30 100 58 0.0 0.0 0.1 0.6 10.4 0.8 8.3 6.9 3.5 0.6 0.0 20.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 0.1 0.8 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.1 4.8 0.2 16.6 12.4 8.3 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.7 0.0 1.3 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0
28-7,	40-41 263.81 M F 30 100 58 0.0 0.0 1.1 0.0 6.8 1.1 5.7 4.5 6.3 0.0 0.0 18.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.5 0.0 0.6 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.5 0.0 2.3 14.8 3.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8 1.7 0.0 5.1 0.6 0.0 0.6 0.6 0.0 0.0 0.6
28-CC 264.40 G A 30 100 58 0.0 0.0 0.4 0.0 2.7 1.2 2.5 6.4 0.8 0.0 0.0 5.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.3 2.5 0.4 0.0 0.2 0.0 0.1 0.0 0.0 0.2 3.8 0.1 42.6 3.5 22.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.0 1.2 0.3 0.0 0.5 0.0 0.0 0.1 0.2 0.6 0.1 0.0
29-1,	115-116 265.51 M F 30 100 58 0.7 0.0 1.2 0.0 7.7 2.8 10.5 7.0 0.0 0.0 0.0 8.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 2.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.7 0.7 9.1 13.3 15.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 1.4 0.0 5.1 1.4 0.0 0.7 0.7 0.0 0.9 0.0 0.2 0.0 0.2
29-2,	13-14 265.97 M C 30 100 58 0.8 0.0 0.1 0.2 8.4 1.7 12.3 3.7 0.6 0.0 0.0 9.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.8 0.3 0.0 0.0 0.0 0.0 0.4 0.0 0.0 3.2 0.5 24.6 9.1 16.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.1 0.0 2.6 0.8 0.0 0.5 0.1 0.0 0.3 0.3 0.0 0.0 0.0
29-3,	38-40 267.66 M F 30 100 58 1.3 0.0 0.0 0.0 5.2 1.3 8.6 0.3 0.0 0.0 0.0 12.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0 1.3 0.3 0.0 0.0 0.0 0.0 0.5 0.0 0.5 1.8 0.0 34.3 14.0 12.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 1.6 0.3 0.0 0.8 0.0 0.0 0.8 0.0 0.0 0.0 0.0
29-4,	20-21 268.94 G A 30 100 58 0.1 0.0 0.2 0.1 2.7 0.5 6.1 1.6 0.3 0.0 0.2 3.5 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.3 52.9 6.1 21.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 1.6 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29-5,	120-121 271.35 M C 30 100 58 0.1 0.0 0.0 0.0 3.6 0.2 13.5 5.9 2.8 0.0 0.5 4.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.2 20.6 16.1 25.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.2 0.0 2.1 0.0 0.3 0.1 0.0 0.0 0.0 0.0
29-6,	60-61 272.22 G A 30 100 58 0.4 0.0 0.2 0.1 2.0 0.2 5.9 2.4 0.4 0.0 0.0 1.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.3 33.9 16.7 32.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.2 0.0 0.8 0.3 0.0 1.5 0.0 0.1 0.5 0.0 0.0 0.0 0.0
29-7,	40-41 273.48 M C 30 100 58 0.0 0.0 0.3 0.1 3.4 0.1 16.4 4.6 2.0 0.0 0.4 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 20.2 9.7 31.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.4 3.1 0.0 2.8 0.0 0.0 2.5 0.1 0.0 0.0 0.0
29-CC 274.00 G A 30 100 58 0.2 0.0 1.5 0.1 5.1 0.2 8.8 1.2 0.2 0.1 0.3 3.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 1.1 0.4 0.0 0.1 0.0 0.0 0.1 0.0 0.5 0.1 1.0 36.8 11.2 21.7 0.1 0.0 0.0 0.0 0.0 0.3 0.1 0.0 0.0 1.2 0.0 1.6 0.4 0.0 1.5 0.0 0.2 0.4 0.1 0.0 0.0 0.0
30-1,	125-126 275.24 M F 30 100 58 0.0 0.0 0.0 0.0 10.5 0.0 10.5 0.0 3.8 0.0 1.0 8.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 22.9 31.4 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 2.9 0.0 3.8 0.0 0.0 1.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
30-2,	30-31 275.79 G A 30 100 58 0.3 0.0 0.1 0.0 3.4 0.5 7.5 0.6 1.1 0.0 0.0 2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.6 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.2 0.0 0.5 36.7 16.1 22.4 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.0 0.0 2.8 0.0 1.4 0.6 0.0 1.7 0.1 0.0 0.5 0.0 0.0 0.1 0.0
30-3,	86-88 277.83 M C 30 100 58 0.0 0.0 0.0 0.6 2.5 0.3 5.3 0.1 0.5 0.0 0.0 3.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 2.5 0.8 0.0 0.1 0.0 0.0 0.0 0.0 0.8 0.0 1.0 53.2 6.5 16.3 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.3 0.0 2.4 0.4 0.0 1.1 0.0 0.0 0.6 0.1 0.3 0.1 0.0
30-CC 283.70 G A 30 100 58 0.1 0.0 0.1 0.0 1.6 0.2 3.8 0.1 0.6 0.0 0.1 5.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.4 41.9 6.5 33.6 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.1 0.0 1.7 0.2 0.1 1.0 0.0 0.0 0.1 0.0 0.5 0.2 0.0
31-4,	120-121 289.40 M F 30 100 58 0.0 0.0 0.0 0.0 4.7 0.0 19.9 0.6 0.3 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.6 22.7 14.2 18.9 0.0 0.0 0.0 0.0 0.0 6.9 0.0 0.0 0.0 5.4 0.0 2.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31-6,	91-92 292.11 P F 30 100 58 0.0 0.0 0.0 0.0 9.2 0.4 25.3 1.9 1.1 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.8 0.0 0.0 10.7 16.1 21.8 0.0 0.0 0.0 0.0 0.0 0.8 0.8 0.0 0.0 0.4 0.0 0.8 1.1 0.0 0.4 0.0 0.0 1.5 0.0 0.0 0.0 0.0
31-CC 293.30 M F 30 100 58 0.0 0.0 0.0 0.0 2.8 0.2 14.5 2.3 0.5 0.2 0.0 3.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 1.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.2 22.1 14.1 29.7 0.0 0.0 0.0 0.0 0.0 3.0 0.2 0.0 0.0 0.2 0.0 1.6 0.2 0.0 0.5 0.0 0.0 0.5 0.0 0.2 0.0 0.0
32-3,	98-100 298.78 G A 30 100 58 0.5 0.0 0.0 0.0 4.5 1.0 37.5 4.5 4.0 0.0 0.0 21.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.5 4.0 6.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.5 0.0 1.5 5.0 0.0 0.0 0.5 0.0 0.5 1.0 0.0 2.0 0.0
32-4,	120-121 299.00 P F 30 100 58 0.0 0.0 1.7 0.0 4.3 0.9 30.8 5.1 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 7.7 0.0 11.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 4.3 10.3 0.0 4.3 0.0 0.0 2.6 2.6 0.0 0.0 0.0
32-5,	125-126 300.55 G A 30 100 58 0.2 0.0 0.2 0.0 3.3 0.8 34.2 2.0 0.4 0.1 0.4 2.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.2 19.3 0.0 22.3 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 6.1 0.0 2.6 1.6 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32-6,	25-26 301.05 G A 30 100 58 0.1 0.0 0.3 0.0 2.9 0.8 16.7 1.7 0.1 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 39.0 1.4 27.2 0.0 0.0 0.0 0.0 0.0 0.6 0.1 0.0 0.0 5.0 0.0 0.6 0.3 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.2 0.0
32-CC 303.00 M F 30 100 58 0.0 0.0 0.0 0.0 1.5 1.5 23.4 1.2 0.9 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.6 0.0 0.6 32.3 2.7 14.4 0.0 0.0 0.0 0.0 0.0 1.8 0.3 0.0 0.0 6.6 0.0 0.9 0.6 0.0 1.5 0.0 0.0 1.5 0.0 0.0 0.0 0.0
33xCC 312.60 M C 30 100 58 0.0 0.0 0.0 0.0 0.8 0.2 50.1 0.9 1.5 0.0 0.0 6.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 1.2 0.0 0.6 0.8 0.0 0.2 0.0 0.0 0.0 0.6 12.3 0.9 16.2 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.2 0.0 3.7 0.0 2.2 0.3 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
34X6,	44-45 320.45 G A 30 100 58 0.2 0.0 0.1 0.0 0.4 0.1 9.4 1.7 0.2 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.2 0.1 0.0 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.2 44.7 0.5 32.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 0.1 0.0 0.6 0.2 0.0 4.7 0.0 0.0 0.0 0.0 0.0 0.0 0.1
34X7,	30-31 321.90 M C 30 100 58 0.1 0.0 1.3 0.0 2.6 0.1 21.6 2.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.0 0.1 0.7 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 1.3 13.7 20.9 15.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.3 0.0 2.0 0.0 0.0 13.7 0.0 0.0 0.0 0.1 0.0 0.1 0.3
34XCC 322.20 P F 30 100 58 0.0 0.0 0.0 0.0 1.9 0.6 38.7 2.6 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 15.5 5.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.0 0.0 1.3 1.3 0.0 25.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
35X1,	27-28 322.47 P C 30 100 58 0.0 0.0 0.0 0.0 3.6 0.0 9.2 7.1 0.0 0.0 0.2 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.5 23.9 30.4 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.9 0.0 1.1 0.0 2.0 0.0 0.0 5.4 0.2 0.0 0.4 1.1 0.0 0.0 0.0
35X2,	27-28 323.97 M A 30 100 58 0.0 0.0 0.1 0.0 7.7 0.0 13.8 2.3 0.2 0.0 0.0 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.5 10.8 19.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.2 0.0 1.1 0.0 0.0 32.3 0.0 0.0 0.2 0.8 0.0 0.0 0.0
35X3,	27-38 325.47 G A 30 100 58 0.0 0.0 2.0 0.0 3.4 0.0 27.7 0.6 0.1 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.1 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 9.5 12.8 29.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 4.5 0.0 0.5 0.0 2.4 0.0 0.1 4.1 0.0 0.0 0.0 0.1 0.0 0.0 0.3
35X4,	59-60 327.29 P F 30 100 58 0.0 0.0 0.0 0.0 2.7 0.0 4.5 1.7 0.3 0.0 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.3 2.4 24.1 11.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.1 0.0 0.0 0.0 1.7 0.0 0.0 41.2 0.0 0.0 0.0 0.3 0.0 0.0 0.0














































































































































































































FO of H. ampliaperta













FO of O. serratus












LO	of	H.	euphratisLO of H. ampliaperta
FCO of S. heteromorphus





Appendix 6: Table showing actual values used to plot Age/Depth model in OriginPro 




Depth	 Age	 Error	Depth	 Error	Age	 Label	
270.15	 20.43	 0.39	 		 FO	Helicosphaera	ampliaperta	
189.33	 14.91	 0.47	 		 LO	Helicosphaera	ampliaperta	
262.25	 19.03	 1.49	 		 FO	Sphenolithus	belemnos	
240.34	 17.95	 1.51	 		 LO	Sphenolithus	belemnos	
322.24	 23.08	 0.07	 0.024	 LO	Sphenolithus	delphix	
322.24	 22.59	 0.07	 0.347	 FO	Sphenolithus	disbelmnos	
234.22	 17.72	 1.83	 		 FCO	Sphenolithus	hetermorphous	
237.42	 18.75	 1.47	 0.868	 LO	Triquetrorhabdulus	carinatus	
244.87	 22.82	 0.46	 		 FO	Discoaster	druggii	




Appendix 7: Equations used to interpolate age values. Equations obtained from the linear 
relationship of Age and Depth model for each Site/Hole. 		
Site/Hole	 Equation	
959A	 Y	=0.0585X+3.9496	
563	 Y	=0.14807X-21.66397	
897C	 Y	=0.01051X+18.89645	
898A	 Y	=0.07773X+3.59199	
900A	 Y	=0.12783X-9.04359	
558	 Y	=0.17871X-36.34122	
960A	 Y	=0.3544X-12.66909	
960C	 Y	=0.28493X-12.89799	
56
